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Distress is an increasing public health problem. We aimed to investigate the effects of an Iyengar yoga program on perceived
stress and psychological outcomes in distressed women and evaluated a potential dose-effect relationship. Seventy-two female
distressed subjects were included into a 3-armed randomized controlled trial and allocated to yoga group 1 (n = 24) with twelve
90 min sessions over 3 months, yoga group 2 (n = 24) with 24 sessions over 3 months, or a waiting list control group (n = 24).
The primary outcome was stress perception, measured by Cohen Stress Scale; secondary outcomes included state trait anxiety,
depression, psychological and physical quality of life (QOL), profile of Mood States, well being, and bodily complaints. After three
months, women in the yoga groups showed significant improvements in perceived stress (P = 0.003), state trait anxiety (P = 0.021
and P = 0.003), depression (P = 0.008), psychological QOL (P = 0.012), mood states being (P = 0.007), and bodily complaints
well(P = 0.012) when compared to controls. Both yoga programs were similarly effective for these outcomes; however, compliance
was better in the group with fewer sessions (yoga group 1). Dose effects were seen only in the analysis of group-independent effects
for back pain, anxiety, and depression. These findings suggest that Iyengar yoga effectively reduces distress and improves related
psychological and physical outcomes. Furthermore, attending twice-weekly yoga classes was not superior to once-weekly classes,
as a result of limited compliance in the twice-weekly group.

1. Background

Several recent studies indicate there is an increasing number
of people of Western societies that suffer from distress and
stress-related disease. For example, a recent survey of a large
German health insurance company found that up to 80% of
the general population feel distressed frequently, and 30%
feel distressed most of the time [1]. Other studies have
reported that up to 50–60% of all physician consultations

may be due to stress-related complaints or disease [2–4].
Experimental and epidemiological studies have shown that
stress considerably contributes to cardiovascular disease,
degenerative neurological disease, chronic pain syndromes,
delayed wound healing, depression, and cancer [5–8].
Data from the INTERHEART study indicate that 30% of
myocardial infarctions might be caused by stress in the
recent past [9]. Experimental research has further shown
that psychosocial stress can increase cellular oxidative stress,
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activate signal transduction, and modify gene expression [5].
Others have shown that objective stress (e.g., years of care
giving) and perceived life stress were both related to shorter
telomere length, indicating replicative senescence and thus
bodily aging [10].

Yoga is an increasingly used self-care and health-
promoting technique in the US and Europe. An estimated 30
million persons, mostly women (72%), had practiced yoga
in the US according to a recent survey [11]. Iyengar yoga is
one of the most prevalent styles taught in the US and Europe
(44%) [12]. It is based on the teachings of the yoga master
Iyengar who has applied yoga specifically to health problems
[13]. Yoga intervention studies have shown promising find-
ings, including enhanced emotional well being and resilience
to stress in the workplace [14], improved inflammatory
and endocrine responses [15], enhanced mindfulness [16],
improvements both in physical/emotional well being [17, 18]
and in anxiety and health status [19].

Despite its potential benefits and popularity among
distressed people, the effectiveness of yoga in relieving
perceived stress has been addressed only in a few randomized
controlled trials. One systematic review describes the effects
of yoga on stress-associated symptoms; here Chong et
al. [20] identified 8 controlled trials, 4 of which were
randomized and fulfilled the authors’ selection criteria. The
results indicated a positive effect of yoga in reducing stress
levels or stress symptoms; however in their conclusions,
the authors underlined the need for further trials. In a
previous controlled nonrandomized pilot study we found
a pronounced stress-relieving effect of a 3 month-Iyengar
Yoga intervention in distressed women [21]. We conducted
the present randomized controlled trial to evaluate the
effectiveness of Iyengar yoga, including different “doses”
(levels) of yoga practice, on perceived stress and related
physical and psychological well being. We hypothesized that
yoga practice would reduce stress perception and related
symptoms as compared to a waiting list control group. A
secondary aim of the study was to evaluate a potential dose-
effect relationship in yoga practice. We hypothesized that a
yoga class twice a week would lead to greater improvements
than a yoga class once a week.

2. Methods

2.1. Design. A 3-armed randomized controlled trial was
conducted in which female distressed individuals were
randomized to three groups: (1) once-weekly yoga classes
(12 sessions of 90 min in three months), (2) twice-weekly
yoga classes (24 sessions of 90 min in three months), and (3)
waiting list control.

2.2. Subjects. The study is based on the results of a previous
pilot study [21]. Screening revealed that among distressed
subjects more than 90% of call-ins were women; therefore,
we decided to include only women for this study to ensure
a homogeneous sample. Community-dwelling female vol-
unteers were recruited from local newspaper advertisements
and flyers that offered women with high levels of perceived

stress a cost-free three-month yoga course. Subjects were
included if they (1) were female in the age 20–60 years,
(2) had current distress with a sum score > 18 on the
CPSS, (3) were experiencing at least 3 of 8 of the following
self-reported known stress-related symptoms: insomnia, dis-
turbed appetite, back or neck pain, tension-type headache,
decreasing daytime alertness, digestive problems, frequent
cold hands/feet, and (4) were not currently practicing yoga
or any related form of stress reduction. They were excluded
if they (1) reported a current psychiatric diagnosis, (2)
indicated any medical contraindications to physical exercise,
(3) were on current medication for any disease, (4) had
manifest problems with alcohol or substance abuse and (5)
were pregnant.

After signing an informed consent and collection of
baseline data, subjects were randomized to moderate yoga
(group 1 = once weekly 90 min yoga class for 3 months;
n = 24), intensified yoga (group 2 = twice weekly 90 min
yoga class for 3 months; n = 24), or the waiting list control
group (n = 24). Subjects in the waiting list control group had
the option of participating in yoga classes after termination
of the study. The study protocol was approved by the
Institutional Review Board of the Essen University Hospital
and all study participants gave their informed consent.

3. Outcomes and Measurements

3.1. Primary Outcome. All subjects were asked to complete
standardized questionnaires at the outset of the study
(baseline), and after 3 months. The primary outcome was
change of the mean score of the Cohen Perceived Stress Scale
(CPSS) asking for subjective stress within the last week. The
CPSS consists of 14 items about current levels of experienced
and perceived stress [22].

3.2. Secondary Outcomes. Secondary outcomes included the
following:

(1) the German Version of the Spielberger State-Trait
Anxiety Inventory (STAI), which consists of 20 items
relating to state anxiety and 20 items relating to trait
anxiety [23];

(2) the German translation of the Profile of Mood States
(POMS) [24], which is a 35-item instrument that
measures four domains of mood disturbance includ-
ing vigor, fatigue, depression anxiety, and anger [25];

(3) the German version of the Brief Symptom Inventory
(BSI), which includes 53 items and provides scores
for 9 psychological symptom scales and a general
severity index (GSI) [26];

(4) the German version of the Center for Epidemiolog-
ical Studies Depression Inventory (CES-D), a 20-
item scale designed for the general population [27,
28]. The long German version of the CES-D is the
“Allgemeine Depressionsskala” (ADS-L);

(5) quality of life (QOL) was measured by the German
version of the Medical Outcomes Study 36-Item-
Short Form (SF-36) with its 8 dimensions of health:
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physical functioning (10 items), social functioning (2
items), role limitations due to physical problems (4
items), role limitations due to emotional problems
(3 items), mental health (5 items), energy/vitality (4
items), pain (2 items), and general health perception
(5 items) and the physical and mental sum score;

(6) the Bf-S Zerssen well being scale measures momen-
tary emotional well being and consists of three
answer categories, with higher scores indicating lower
well being [29]. The Bf-S is sensitive to clinically rel-
evant, short-term changes in general well being and
overall health-related symptoms and its salutogenetic
dimensions of health can serve as an indicator for
changes in quality of life [29].

In addition, we measured general physical well being and
symptoms and severity of headache, neck, and back pain,
using 10-point Likert scales for each category, with a
reference period of the past week. Finally, general and specific
physical complaints were measured with the well-validated,
70-item Freiburg Somatic Complaints (FBL) Questionnaire,
that inventories subjective evaluation of physical complaints
across the major physiological functional domains [30].

3.3. Interventions. Participants in the yoga groups were asked
to participate in once- or twice-weekly 90 min yoga classes
according to the Iyengar style [31] in a fully equipped
yoga studio for 3 months. Subjects were taught by a
certified Iyengar yoga instructor who had been trained
in the method for over 15 years. The classes emphasized
postures that, according to the Iyengar yoga teachings, are
supposed to alleviate stress, particularly back bends, standing
poses, and forward bends and inversions (list of poses,
see Table S5 in Supplementary Material available online at
doi:10.1155/2012/408727). Each Yoga class was finished by
15 min of meditation in Shavasana. No explicit breathing
techniques were used. Throughout the program, subjects
were encouraged to continue yoga practice at home. Subjects
in the control group were asked to maintain their routine
activities and not to begin any other exercise or stress
reduction program during the following 3 months.

3.4. Randomization. Patients were randomly allocated to a
treatment group by a nonstratified block randomization
with varying block lengths and by prepared sealed, sequen-
tially numbered opaque envelopes containing the treatment
assignments. Randomization was based on the “RANUNI”
pseudo-random number generator of the SAS/Base statistical
software (SAS Inc., Cary, NC, USA), and the envelopes were
prepared by the study biostatistician. When a patient fulfilled
all enrolment criteria, the study physician opened the lowest
numbered envelope to reveal that patient’s assignment.

3.5. Sample Size and Statistical Analysis. Sample size calcu-
lation was based on the results of the pilot study [21]. To
detect a difference of 0.85 standard deviations of the Cohen
Perceived Stress score between the yoga and the wait-list
group with a power of 80% by means of a two-sided level

α = 5% t-test a sample size of n = 46 (23 per group) was
calculated. Accordingly, this yields a sample size of n = 23
per group within a three-group comparison when using a
hierarchical test procedure on a level of α = 5% (total sample
n = 69). Here, the power to detect a difference between
the moderate and intensified yoga group amounts to 26.4%
on the basis of between-group difference of 0.4 standard
deviations. The number of dropouts was rather small (<5%)
in the pilot study [21]. We therefore decided to include a
sample of n = 72 patients into the trial with n = 24 in each
of the three groups.

Outcomes were analysed on an intention-to-treat (ITT)
basis by univariate analyses of covariance (ANCOVA) which
included group and baseline values as well as outcome
expectation as covariates. From these models we estimated
baseline-adjusted treatment effects and their 95% confidence
intervals (CI). ANCOVA was also used for ordinal data
derived from the Likert scales. All reported P values are based
on a two-sided test, and a P value <0.05 was considered
significant. Missing data of case record forms were multi-
imputed, that is, multiple copies of the original data set
were generated, hereby replacing missing values by randomly
gene-rated values.

The primary analysis compared the outcomes between
the 3 groups. Due to the compromised adherence in the yoga
classes, we conducted secondary analyses in which the yoga
groups were pooled and outcomes were analysed according
to yoga class adherence. Here, participants were stratified
according to the number of visits of yoga classes: 1–6 (n =
7), 7–12 (n = 18), and 13–24 (n = 15). ANCOVA was
applied, respectively. All statistical analyses were done with
the statistical analysis package SAS (version 9.2).

4. Results

238 subjects responded to the advertisement. About 25 indi-
viduals declined participation, citing unavailability because
of scheduling problems, time demands, travel requirements,
or unspecified reasons. A total of 72 subjects fulfilled all
entry criteria and were enrolled into the study. Subjects were
recruited between March 2006 and January 2008 and were
randomly allocated to the yoga group 1 (n = 24) with 12
scheduled sessions, the yoga group 2 (n = 24) with 24
sessions, or the waiting list control group (n = 24) and
included in the ITT analysis (see Figure 1).

Two participants in the control group and 4 subjects in
each yoga group dropped out due to causes not related to the
study intervention, for example, unwillingness to stay in the
study or return to the study center, lack of time, and minor
medical problems (common cold).

4.1. Baseline Characteristics. Subjects’ ages ranged from 19
to 52 years (mean age 39.6 ± 8.3 years) (Table 1). Baseline
characteristics were balanced between groups with exception
of significantly less smokers in the yoga group 1 (P =
0.046) and significantly less persons practicing exercise on a
regular basis in group 2 (P = 0.028). Few persons practiced
relaxation techniques before study entry (control group: 1;
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238 contacted study center

156 did not met

inclusion criteria

82 assessed for eligibility

10 did not meet inclusion
criteria

72 randomized

24 yoga group 1

1 dropout due to
unrelated health

problems

3 study noncompliance

24 ITT analysis

24 yoga group 2 24 waiting list control

2 dropouts due to
unrelated health

problems 2 study noncompliance

2 study noncompliance

24 ITT analysis 24 ITT analysis

Figure 1: Trial flow chart.

Table 1: Baseline characteristics. Mean ± SD if not indicated otherwise.

Characteristic Yoga group 1 (n = 24) Yoga group 2 (n = 24) Control group (n = 24) P value

Mean age, y 39.5 ± 7.8 40.0 ± 8 39.3 ± 9.2 0.991

BMI (kg/m2) 25.61 ± 3.7 25.7 ± 6 24.7 ± 6 0.357

Smokers, n (%) 2 (8.3) 9 (37.5) 8 (33.3) 0.046

Weight, kg 74.4 ± 13.7 70.4 ± 18.5 70.8 ± 18.2 0.139

Exercise practice n (%) 15 (62.5) 7 (29.2) 15 (62.5) 0.028

Insomnia, n (%) 19 (79.2) 18 (75) 21 (87.5) 0.813

CPSS score 34.0 ± 8.0 35.8 ± 6.3 31.2 ± 6.8 0.067

CES-D score 22.3 ± 8.4 23.0 ± 8.1 21.0 ± 8.8 0.598

S-STAI 45.5 ± 10.6 49.0 ± 9.3 43.5 ± 11.0 0.169

T-STAI 53.6 ± 10.7 53.7 ± 9.1 50.2 ± 8.6 0.51

Bf-S 24.9 ± 14.1 23.8 ± 13.8 23.5 ± 14.0 0.948

GSI-score 67.6 ± 9.8 67.9 ± 7.2 67.4 ± 9.0 0.991

POMS vigor 2.2 ± 0.8 2.2 ± 1.1 2.8 ± 1.3 0.194

POMS fatigue 2.8 ± 1.5 2.5 ± 1.3 2.7 ± 1.4 0.613

POMS depression 1.6 ± 1.5 1.1 ± 0.8 1.5 ± 1.2 0.649

POMS anger 1.5 ± 1.6 1.0 ± 1.2 1.4 ± 1.3 0.418

QOL mental health −0.8 ± 0.8 −0.6 ± 0.8 −0.7 ± 0.9 0.575

QOL physical score 0.0 ± 0.8 −0.1 ± 0.7 −0.3 ± 0.8 0.542

QOL mental score −1.7 ± 0.9 −2.0 ± 0.7 −1.6 ± 0.8 0.143

Freiburg complaint list 2.7 ± 0.5 2.7 ± 0.5 2.6 ± 0.6 0.578

CPSS: Cohen Perceived Stress Scale; CES-D: Center for Epidemiological Studies Depression Scale; S-STAI: State Anxiety; T-STAI: Trait Anxiety; Bf-S: Zerssen
well being scale; GSI: General Severity Index; POMS: Profile of Mood States; QOL: short form-36 Quality of Life.
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Table 2: Between-group differences of treatment effects on perceived stress and psychological outcomes, mean (95% CI).

Yoga group 1 versus control Yoga group 2 versus control Yoga group 1 + 2 versus control

Change P value Change P value Change P value

CPSS −6.7 (−10.9; −2.5) 0.002 −4.7 (−9.2; −0.3) 0.036 −5.7 (−9.5; −2.0) 0.003

CES-D −4.2 (−7.9; −0.5) 0.028 −4.6 (−8.5; −0.7) 0.02 −4.4 (−7.6; −1.2) 0.008

S-STAI −5.2 (−10.6; 0.1) 0.056 −6.0 (−11.6; −0.4) 0.037 −5.6 (−10.4; −0.9) 0.021

T-STAI −5.8 (−10.1; −1.6) 0.007 −5.3 (−9.5; −1.1) 0.014 −5.6 (−9.2; −1.9) 0.003

GSI-score −7.5 (−12.9; −2.2) 0.006 −8.2 (−13.5; −3.0) 0.002 −7.9 (−12.5; −3.3) 0.001

Bf-S −7.0 (−14.2; 0.2) 0.057 −6.2 (−13.3; 0.9) 0.087 −6.6 (−12.8; −0.4) 0.036

POMS vigor 0.8 (0.1; 1.4) 0.022 0.6 (0.0; 1.3) 0.06 0.7 (0.1; 1.3) 0.017

POMS fatigue −1.3 (−2.1; −0.6) 0.001 −1.0 (−1.8; −0.3) 0.009 −1.2 (−1.8; −0.5) 0.001

POMS depression −0.4 (−1.0; 0.2) 0.20 −0.3 (−0.9; 0.2) 0.239 −0.4 (−0.9; 0.1) 0.154

POMS anger −0.8 (−1.3; −0.2) 0.007 −0.5 (−1.1; 0.1) 0.084 −0.6 (−1.1; −0.1) 0.012

QOL mental health 0.8 (0.3; 1.3) 0.002 0.6 (0.1; 1.1) 0.022 0.7 (0.2; 1.1) 0.002

QOL physical sum score 0.1 (−0.3; 0.4) 0.72 −0.2 (−0.6; 0.2) 0.269 −0.1 (−0.4; 0.2) 0.653

QOL mental sum score 0.6 (0.1; 1.2) 0.024 0.6 (0.0; 1.1) 0.044 0.6 (0.1; 1.1) 0.012

CPSS: Cohen Perceived Stress Scale; CES-D: Center for Epidemiological Studies Depression Scale; S-STAI: State Anxiety; T-STAI: Trait Anxiety; Bf-S: Zerssen
well being scale; GSI: General Severity Index; POMS: Profile of Mood States; QOL: short form-36 Quality of Life.

yoga group 1: 2; yoga group 3: 2). The baseline CPSS scores
were 34.0 ± 8.0 for yoga group 1, 35.8 ± 6.3 for group 2,
and 31.2 ± 6.8 for the control group (P = 0.067). Baseline
scores of the strees, depression (CES-D) and anxiety (STAI)
scores were in a range that is commonly regarded to indicate
relevant distress.

4.2. Adherence. Adherence to the yoga classes was moderate,
with participants of yoga group 1 visiting 71 ± 29% and
participants of yoga group 2 visiting 63 ± 36% of offered
classes. Half of the subjects in both yoga classes visited more
than 80% of offered classes, 17% of women in yoga group 1
and 25% of women in yoga group 2 visited less than 20% of
offered classes.

4.3. Primary Outcome. Both yoga programs were beneficial
with regard to the course of perceived stress while the control
group showed no relevant changes (Figure 2). The CPSS
score was reduced from 34.0 ± 8.0 at baseline to 24.9 ± 7.1
after the intervention for yoga group 1, and from 35.8 ± 6.3
to 28.1 ± 6.9 for yoga group 2. After intervention, the mean
group difference in CPSS score between yoga group 1 and the
control group was −6.7 (95% CI: −10.9, −2.5; P = 0.002)
and the mean group difference between yoga group 2 and
the control group was −4.7 (−9.2, −0.3; P = 0.036). If the
CPSS scores of the 2 yoga groups were pooled, the difference
between the pooled yoga group CPSS scores compared to
the CPSS score of the control group was −5.7 (−9.5, −2.0;
P = 0.003) after intervention (Table 2).

4.4. Secondary Outcomes. Both yoga intensities were simi-
larly effective for most predefined secondary outcomes.

4.5. Psychological Outcomes. Results on psychological out-
comes are summarized in Table 2. Regarding quality of life,
the mental sum score and the mental health subscale of the
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Figure 2: Perceived stress. Mean (±SD) CPSS score on study entry
and at three months in the yoga and control groups. Significant
between-group treatment effect of −6.7 (−10.9; −2.5) (adj., 95%
CI), P = 0.002 in yoga group 1 (versus control) and −4.7 (−9.2;
−0.3), P = 0.036 (Table 2) in yoga group 2 (versus control). The
pooled group difference reached −5.7 (−9.5; −2.0), P = 0.003
(versus control).

SF-36 showed significant group differences for each yoga
group compared to controls, while other subscales of the SF-
36 showed no significant between group differences (data not
shown).

Comparing both pooled yoga interventions to controls,
the psychological outcomes as state and trait anxiety, the
GSI-score, the CES-D depression score, well being, and three
dimensions of the POMS (vigor, fatigue, and anger) were
better with yoga.
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4.6. Physical Complaints and Physical Well Being. Mean
changes in self-rated values of severity of general physical
well being, neck and back pain (all Likert scaled), and the
summarized complaint list score of the FBL are given in
Table 3. Both yoga intensities were similarly effective for
all physical outcomes and showed significant improvement
compared to controls. Pooled analysis of both yoga groups
showed significant improvements compared to controls.

Also, outcomes for the pooled yoga groups on the
6 subscales of the FBL showed significant improvements
compared to controls (data not shown in tables): tenseness
(P = 0.009), pain (P = 0.035), motor activity (P = 0.005),
emotional reactivity (P = 0.005), and sensory (P = 0.013).

4.7. Dose Effects of Yoga Unrelated to Group Allocation. As
comparison between both yoga groups revealed no relevant
group differences while adherence was better in yoga group
1 compared to yoga group 2, we conducted a further analysis
to identify potential dose effects of yoga practice independent
of group allocation.

Here, we found group-independent dose effects for back
pain severity, the GSI-Score, the CES-D depression score,
and state-trait anxiety (Table 4). None of the other significant
parameters showed group-independent dose effects.

4.8. Safety. There were no clinically relevant adverse effects
associated with yoga practice for all subjects.

5. Discussion

We conducted this 3-armed randomized controlled trial with
distressed women to investigate the effects of 2 different
intensities of Iyengar yoga practice for 3 months on perceived
stress and related psychological and physical outcomes.
Compared to controls, women who participated in the yoga
practice groups demonstrated pronounced and significant
improvements in perceived stress and most related psy-
chological and physical outcome measures. In contrast to
our hypothesis, yoga classes twice a week were no more
effective than a yoga class visit once a week; however,
lower compliance in the intensified yoga group reduced the
difference in yoga intensity between the two yoga groups.
Nevertheless, in a separate analysis of the impact of yoga
intensity independent of group allocation some dose effects
were found for back pain, the GSI-Score, depression, and
anxiety.

Baseline scores of perceived stress and depression and
anxiety scores indicated the studied population having clini-
cally relevant distress on study entry. Despite randomization
of subjects, there were a number of significantly different
baseline characteristics, including smoking and exercise
habits. These differences were adjusted in the data analysis.

This trial adds further evidence for the use of Iyengar
yoga as an effective stress reduction tool. We replicated the
findings of our previous nonrandomized controlled pilot
study [21], in which subjects (n = 16) attended two
weekly 90 min Iyengar yoga classes. In this pilot study we
found even larger treatment effects for the psychological and

physical outcome parameters. Compliance with the twice-
weekly yoga classes was better in this pilot study than in the
present randomized trial, which may account for the larger
effects seen in the pilot study.

A recent systematic review has looked at the ability of
yoga to reduce stress levels in healthy adult populations and
was based on eight trials that indicated a positive effect
of yoga in reducing stress levels or stress symptoms [20];
however, the quality and design of the included studies
revealed stronger methodological weaknesses. The results of
our randomized clinical trial parallel previous studies that
demonstrated beneficial effects of yoga in stress reduction,
mood enhancement, and improvements in depression and
anxiety in patients with depressive syndromes and with
musculoskeletal pain [21, 32, 33]. Other studies suggest
that even a short program of yoga might be effective for
enhancing emotional well being and resilience to stress in
the workplace [34] and for improving stress, anxiety, and
health status in subjects with mild to moderate levels of
stress [19]. Furthermore, our findings are consistent with
those of other studies, that demonstrated the effectiveness
of yoga in the treatment of chronic low back pain [35–
40], a physical symptom frequently associated with dis-
tress.

Our current study had multiple strengths including the
use of recommended and validated assessment tools and
outcome measures, the high-quality yoga teaching, well-
defined inclusion and exclusion criteria, an observation
period of 3 months, and the comparison of two yoga
intensities.

Nevertheless, the study has limitations, including modest
sample sizes and no long-term followup. Furthermore,
as with all studies with self-applied nonpharmacological
interventions, it was impossible to blind treatments. We
cannot estimate the extent to which the observed yoga effects
were nonspecific due to the influence of setting, the attention
of yoga teachers, the participants’ beliefs about the health-
related effects of yoga and meaning responses [41] and
social interaction within the groups. The benefits are not
attributable to differences in covariates as prognostic factors
for which the analyses were statistically adjusted. We further
conducted an analysis adjusting for outcome expectation,
which did not change the overall results. Furthermore,
our analysis included baseline values as covariates, thus
regression to the mean effects can be ruled out as an
explanation for the results.

A final possible limitation of this study relates to recruit-
ment of self-described distressed women for a study in which
the primary purpose was to evaluate the effects of B.K.S.
Iyengar yoga on stress reduction. Admittedly, enrollment of
subjects who rated themselves as “distressed,” but otherwise
healthy, was subjective. Yet, this limitation is arguable, as
baseline data from multiple validated instruments for stress
assessment indicated that the women enrolled were, indeed,
distressed.

Adherence to the yoga classes was worse than anticipated,
especially in the group that was offered yoga twice weekly.
The reduction of adherence started within the first weeks
of the offered yoga classes. One may speculate that for the
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Table 3: Between-group differences of treatment effects on physical symptoms and complaints (when present), mean (95% CI).

Yoga group 1 versus control Yoga group 2 versus control Yoga group 1 + 2 versus control

Change P value Change P value Change P value

Physical well being −2.3 (−3.4; −1.0) 0.001 −0.7 (−2.0; 0.5) 0.256 −1.5 (−2.5; −0.4) 0.007

Back pain −1.7 (−3.1; −0.2) 0.025 −2.5 (−4.2; −0.8) 0.004 −2.1 (−3.5; −0.7) 0.004

Neck pain −2.2 (−3.6; −0.7) 0.003 −1.4 (−2.9; 0.1) 0.06 −1.8 (−3.1; −0.5) 0.005

Freiburg complaint list, sum score −0.3 (−0.5; −0.1) 0.006 −0.2 (−0.4; 0.0) 0.115 −0.2 (−0.4; 0.0) 0.012

Table 4: Group differences for group-independent effects of yoga according to frequency of visited yoga classes compared to controls, mean
(95% CI).

7–12 versus 0 yoga classes 13–24 versus 0 yoga classes∗

Change P value Change P value

Back pain −2.3 (−3.7; −1.0) 0.001 −3.5 (−5.5; −1.5) 0.001

GSI-Score −8.5 (−13.9; −3.0) 0.003 −10.2 (−15.9; −4.4) 0.001

CES-D −4.5 (−8.3; −0.6) 0.049 −5.9 (−10.5; −1.3) 0.011

S-STAI −6.5 (−12.0; −1.0) 0.02 −7.4 (−13.4; −1.4) 0.015

T-STAI −6.1 (−10.5; −1.7) 0.006 −6.5 (−11.2; −1.8) 0.007

GSI: General Severity Index; CES-D: Center for Epidemiological Studies Depression Scale; S-STAI: state anxiety; T-STAI: Trait Anxiety.
∗Group differences between 7–12 and 13–24 classes not significant.

addressed study population with high demands in work and
family life practicing yoga twice weekly for 90 min in distant
centers might be not feasible in daily life. As our results
indicate that once-weekly participation in yoga led to pro-
nounced and clinically relevant improvements in outcomes,
adhering to a more rigorous yoga practice schedule may
be not necessary for stress-symptom improvement. On the
other hand, the actual difference between the 2 yoga groups
was one 90 min yoga session per week. Thus, we do not know
if a more intensive yoga practice with 3 or 4 weekly classes
would lead to more beneficial effects.

Various aspects of the yoga intervention could account
for the observed beneficial effects on stress, mood, and
well being. The yoga classes were activating through their
vigorous postures, and participants may have experienced
increasing feelings of mastery over time, as they were
challenged to learn difficult postures. In addition, the
commitment of an extra amount of time to concentrated
practice might induce beneficial effects on self-control and
foster self-efficacy. The practice of Iyengar yoga comprises
physical movements with isometric muscle strengthening,
stretching, and flexibility, combined with a mental focus
and an emphasis on mindfulness of body movements
and consideration of breathing patterns [31]. Thus, the
practice of yoga might enhance both toning of muscles
and release of muscle tension. Recent research has also
shown that stretching is associated with increased vagal tone
and consequent relaxation [42, 43]. This induced relaxation
response may further reduce stress-related muscle tension. A
final consideration is that regular aerobic exercise has been
shown to be an effective treatment for depression [44]. The
beneficial effect of Iyengar yoga could, therefore, also be due
to the physical effort it entailed.

6. Conclusion

In conclusion, this study suggests that Iyengar yoga is an
effective treatment for women in reducing mental distress
and concomitant psychological and physical symptoms.
Offering twice-weekly yoga classes is not superior to weekly
classes. To better evaluate the impact of yoga on prevention
and treatment of stress and stress-related disease, further
studies are needed, which include longer-term followup,
men, larger sample sizes, and control groups engaged in
activity.

Conflict of Interests

The authors do not have any conflict of interests with the
content of the paper.

Acknowledgment

The study was supported by the Karl and Veronica Carstens
Foundation, Essen.

References

[1] Frankfurter Allgemein Zeitung und Techniker Krankenkasse:
Erhebung zur Stressbelastung in der Deutschen Bevölkerung
2009, Frankfurt am Main, Hamburg: F.A.Z.-Institut für
Management-, Markt- und Medieninformationen GmbH,
Techniker Krankenkasse, 2009.

[2] N. Kapur, I. Hunt, M. Lunt, J. McBeth, F. Creed, and G.
Macfarlane, “Psychosocial and illness related predictors of
consultation rates in primary care—a cohort study,” Psycho-
logical Medicine, vol. 34, no. 4, pp. 719–728, 2004.



8 Evidence-Based Complementary and Alternative Medicine

[3] S. E. Plummer, K. Gournay, D. Goldberg, S. A. H. Ritter, A.
H. Mann, and R. Blizard, “Detection of psychological distress
by practice nurses in general practice,” Psychological Medicine,
vol. 30, no. 5, pp. 1233–1237, 2000.

[4] A. M. Stirling, P. Wilson, and A. McConnachie, “Deprivation,
psychological distress, and consultation length in general
practice,” British Journal of General Practice, vol. 51, no. 467,
pp. 456–460, 2001.

[5] A. Bierhaus, J. Wolf, M. Andrassy et al., “A mechanism con-
verting psychosocial stress into mononuclear cell activation,”
Proceedings of the National Academy of Sciences of the United
States of America, vol. 100, no. 4, pp. 1920–1925, 2003.

[6] Y. Chida, M. Hamer, J. Wardle, and A. Steptoe, “Do stress-
related psychosocial factors contribute to cancer incidence and
survival?” Nature Clinical Practice Oncology, vol. 5, no. 8, pp.
466–475, 2008.

[7] A. Rozanski, J. A. Blumenthal, and J. Kaplan, “Impact of
psychological factors on the pathogenesis of cardiovascular
disease and implications for therapy,” Circulation, vol. 99, no.
16, pp. 2192–2217, 1999.

[8] T. C. Russ, E. Stamatakis, M. Hamer et al., “Association
between psychological distress and mortality: individual par-
ticipant pooled analysis of 10 prospective cohort studies,”
British Medical Journal, vol. 345, article e4933, 2012.

[9] A. Rosengren, S. Hawken, S. Ôunpuu et al., “Association
of psychosocial risk factors with risk of acute myocardial
infarction in 11119 cases and 13648 controls from 52 countries
(the INTERHEART study): case-control study,” Lancet, vol.
364, no. 9438, pp. 953–962, 2004.

[10] E. Epel, J. Daubenmier, J. T. Moskowitz, S. Folkman, and
E. Blackburn, “Can meditation slow rate of cellular aging?
Cognitive stress, mindfulness, and telomeres,” Annals of the
New York Academy of Sciences, vol. 1172, pp. 34–53, 2009.

[11] YIAS, “Yoga in America Study, cited 04-07-2012,” 2008, http://
www.yogajournal.com/press/yoga in america.

[12] Yoga survey, Signet Market Research. Yoga Journal, Active
interest Media, San Francisco, Calif, USA, 2000.

[13] B. K. S. Iyengar, The Tree of Yoga, Shambala, Boston, Mass,
USA, 1989.

[14] N. Hartfiel, J. Havenhand, S. B. Khalsa, G. Clarke, and
A. Krayer, “The effectiveness of yoga for the improvement
of well-being and resilience to stress in the workplace,”
Scandinavian Journal of Work, Environment and Health, vol.
37, no. 1, pp. 70–76, 2011.

[15] J. K. Kiecolt-Glaser, L. Christian, H. Preston et al., “Stress,
inflammation, and yoga practice,” Psychosomatic Medicine,
vol. 72, no. 2, pp. 113–121, 2010.

[16] N. M. Brisbon and G. A. Lowery, “Mindfulness and levels of
stress: a comparison of beginner and advanced hatha yoga
practitioners,” Journal of Religion and Health, vol. 50, no. 4,
pp. 931–941, 2009.

[17] S. Hafner-Holter, M. Kopp, and V. Günther, “Effects of fitness
training and yoga on well-being stress, social competence and
body image,” Neuropsychiatrie, vol. 23, no. 4, pp. 244–248,
2009.

[18] R. Sharma, N. Gupta, and R. L. Bijlani, “Effect of yoga based
lifestyle intervention on subjective well-being,” Indian Journal
of Physiology and Pharmacology, vol. 52, no. 2, pp. 123–131,
2008.

[19] C. Smith, H. Hancock, J. Blake-Mortimer, and K. Eckert, “A
randomised comparative trial of yoga and relaxation to reduce
stress and anxiety,” Complementary Therapies in Medicine, vol.
15, no. 2, pp. 77–83, 2007.

[20] C. S. Chong, M. Tsunaka, H. W. Tsang et al., “Effects of yoga
on stress management in healthy adults: a systematic review,”
Alternative Therapies In Health And Medicine, vol. 17, no. 1,
pp. 32–38, 2011.

[21] A. Michalsen, P. Grossman, A. Acil et al., “Rapid stress reduc-
tion and anxiolysis among distressed women as a consequence
of a three-month intensive yoga program,” Medical Science
Monitor, vol. 11, no. 12, pp. CR555–CR561, 2005.

[22] S. Cohen, T. Kamarck, and R. Mermelstein, “A global measure
of perceived stress,” Journal of Health and Social Behavior, vol.
24, no. 4, pp. 385–396, 1983.

[23] C. Spielberger, R. Gorsuch, and R. Lushene, STAI, Manual
for the State-Trait-Anxiety-Inventory, Consulting psychologist
press, Palo Alto, Calif, USA, 1970.

[24] C. Albani, G. Blaser, M. Geyer et al., “The German short
version of “profile of mood States” (POMS): psychometric
evaluation in a representative sample,” Psychotherapie Psycho-
somatik Medizinische Psychologie, vol. 55, no. 7, pp. 324–330,
2005.

[25] D. McNair, M. Lorr, and L. Droppleman, “Profile of mood
states states (Dt. Bearbeitung),” in Collegium Interantionale
Psychiatriae Scalarum, Scalarum CIP, Beltz Verlag, Weinheim,
Germany, 1981.

[26] Derogatis, The brief symptom inventory (BSI): Adminstra-
tion, scoring and procedures manual-II, National Computer
Systems, Minneapolis, Minn, USA, 1992.

[27] M. Hautzinger and M. Bailer, Allgemeine Depressionsskala
(ADS). Die deutsche Version des CES-D, Beltz, Weinheim,
Germany, 1991.

[28] L. S. Radloff, “The CES-D scale: a self-report depression scale
for research in the general population,” Applied Psychological
Measurement, vol. 1, no. 3, pp. 385–401, 1977.

[29] D. Von Zerssen and D. Koeller, Die Befindlichkeits-Skala (The
Well-Being Questionnaire), Beltz-Test Gesellschaft, Weinheim,
Germany, 1976.

[30] J. Fahrenberg, The Freiburg Complaint List FBL, Hogrefe,
Göttingen, Germany, 1994.

[31] B. K. S. Iyengar, Light on Yoga, Schocken Books, New york, NY,
USA, 1995.

[32] R. Lavey, T. Sherman, K. T. Mueser, D. D. Osborne, M. Currier,
and R. Wolfe, “The effects of yoga on mood in psychiatric
inpatients,” Psychiatric Rehabilitation Journal, vol. 28, no. 4,
pp. 399–402, 2005.

[33] D. Shapiro, I. A. Cook, D. M. Davydov, C. Ottaviani, A. F.
Leuchter, and M. Abrams, “Yoga as a complementary treat-
ment of depression: effects of traits and moods on treatment
outcome,” Evidence-Based Complementary and Alternative
Medicine, vol. 4, no. 4, pp. 493–502, 2007.

[34] N. Hartfiel, J. Havenhand, S. B. Khalsa, G. Clarke, and
A. Krayer, “The effectiveness of yoga for the improvement
of well-being and resilience to stress in the workplace,”
Scandinavian Journal of Work, Environment and Health, vol.
37, no. 1, pp. 70–76, 2011.

[35] K. A. Williams, J. Petronis, D. Smith et al., “Effect of Iyengar
yoga therapy for chronic low back pain,” Pain, vol. 115, no.
1-2, pp. 107–117, 2005.

[36] K. Williams, C. Abildso, L. Steinberg et al., “Evaluation of the
effectiveness and efficacy of iyengar yoga therapy on chronic
low back pain,” Spine, vol. 34, no. 19, pp. 2066–2076, 2009.

[37] P. Posadzki and E. Ernst, “Yoga for low back pain: a systematic
review of randomized clinical trials,” Clinical Rheumatology,
vol. 30, no. 9, pp. 1257–1262, 2011.

[38] K. J. Sherman, D. C. Cherkin, A. J. Cook et al., “Comparison of
yoga versus stretching for chronic low back pain: protocol for

http://www.yogajournal.com/press/yoga_in_america
http://www.yogajournal.com/press/yoga_in_america


Evidence-Based Complementary and Alternative Medicine 9

the Yoga Exercise Self-care (YES) trial,” Trials, vol. 11, article
36, 2010.

[39] R. B. Saper, K. J. Sherman, D. Cullum-Dugan, R. B. Davis, R.
S. Phillips, and L. Culpepper, “Yoga for chronic low back pain
in a predominantly minority population: a pilot randomized
controlled trial,” Alternative Therapies in Health and Medicine,
vol. 15, no. 6, pp. 18–27, 2009.

[40] P. Tekur, C. Singphow, H. R. Nagendra, and N. Raghuram,
“Effect of short-term intensive yoga program on pain, func-
tional disability and spinal flexibility in chronic low back
pain: a randomized control study,” Journal of Alternative and
Complementary Medicine, vol. 14, no. 6, pp. 637–644, 2008.

[41] D. E. Moerman and W. B. Jonas, “Deconstructing the placebo
effect and finding the meaning response,” Annals of Internal
Medicine, vol. 136, no. 6, pp. 471–476, 2002.

[42] P. T. V. Farinatti, C. Brandão, P. P. S. Soares, and A. F. A.
Duarte, “Acute effects of stretching exercise on the heart rate
variability in subjects with low flexibility levels,” Journal of
Strength and Conditioning Research, vol. 25, no. 6, pp. 1579–
1585, 2011.

[43] M. Mueck-Weymann, G. Janshoff, and H. Mueck, “Stretching
increases heart rate variability in healthy athletes complain-
ing about limited muscular flexibility,” Clinical Autonomic
Research, vol. 14, no. 1, pp. 15–18, 2004.

[44] J. A. Blumenthal, M. A. Babyak, K. A. Moore et al., “Effects
of exercise training on older patients with major depression,”
Archives of Internal Medicine, vol. 159, no. 19, pp. 2349–2356,
1999.


	Background 
	Methods 
	Design
	Subjects

	Outcomes and Measurements
	Primary Outcome
	Secondary Outcomes
	Interventions
	Randomization
	Sample Size and Statistical Analysis

	Results
	Baseline Characteristics
	Adherence
	Primary Outcome
	Secondary Outcomes
	Psychological Outcomes
	Physical Complaints and Physical Well Being
	Dose Effects of Yoga Unrelated to Group Allocation
	Safety

	Discussion
	Conclusion
	Conflict of Interests
	Acknowledgment
	References

